Background: There is general consensus that appropriate development and use of information and communication technologies (ICT) are crucial in the delivery of effective primary care (PC). Several countries are defining policies to support and promote a structural change of the health care system through the introduction of ICT. This study analyses the state of development of basic ICT in PC systems of 31 European countries with the aim to describe the extent of, and main purposes for, computer use by General Practitioners (GPs) across Europe. Additionally, trends over time have been analysed. Methods: Descriptive statistical analysis was performed on data from the QUALICOPC (Quality and Costs of Primary Care in Europe) survey, to describe the geographic differences in the general use of computer, and in specific computerized clinical functions for different health-related purposes such as prescribing, medication checking, generating health records and research for medical information on the Internet.
Background
Among the drivers of change in the health care sector, the advent of the computer and of its applications have revolutionised health care systems and services [1, 2] . The adoption and use of information and communication technologies (ICT) are increasingly seen as support, redesign and improvement tools for health care delivery, especially in primary care (PC). ICT can contribute to address the main challenges of cost reduction and improvements in equity and quality of care [3] [4] [5] [6] . In fact, there is growing scientific evidence on the potential of ICT adoption and use in PC, regarding appropriate services [7] [8] [9] and high-quality and efficient care [7, [10] [11] [12] [13] .
Health information technologies, such as electronic health records (EHRs) and digital interactions, have been demonstrated to contribute to a more effective delivery of PC services [14] [15] [16] [17] [18] [19] [20] [21] [22] . In particular, they can (i) facilitate adherence to guidelines in clinical practice and reduce medical errors with better knowledge management and evidence-based decision making [23] [24] [25] ; (ii) contribute to integration and continuity of care with improved communication among physicians, patients and specialists [26] ; and (iii) produce savings of time and costs [24, 27, 28] . Moreover, the health care workforce is expected to experience improvements in efficiency, delegation support and remote care if health ICT and related electronic applications are adopted in integrated and comprehensive ICT systems [29] .
ICT solutions are increasingly available to PC physicians without great investments in hardware, software and maintenance. The development and availability of technologies for health care have facilitated the introduction of policies in several countries, aimed at increasing their rapid adoption [13, 30, 31] . However, each country might respond differently to the actual challenges with various approaches towards potential solutions and drivers of growth, including the technological equipment for primary health care. In addition, the level of social and economic development, the characteristics of health care systems and the level of managerial capacity could make some technologies suitable for certain countries but not others [32] . In recent decades, a number of countries have experienced the implementation of various ICT applications in PC, including follow-up consultations via email, online access to laboratory results, mobile access to radiology images and new communication tools [13] . However, a larger number of countries remain in the first stages of technological innovation in PC. These first stages relate to the development of information systems and the computerisation of PC functions, primarily identifiable in a shift from a paper-based processing/storage system to a computer-based one.
The specific features of each country can contribute to understanding the different states of ICT implementation and its applications in PC systems. We found evidence in the literature of an association between the size of PC practice (PCP) and the use of ICT. For example, a higher use of ICT is observed in larger practices than in single-GP practices [33, 34] . Furthermore, the interprofessional setting of a PCP can promote the shared adoption and use of technologies [35] [36] [37] [38] . The location of the practice can also be a lever to the adoption and use of ICT. For instance, in rural areas, ICT can diminish the quality and equity disparities between urban and rural settings of health care [13, [39] [40] [41] . However, there is some evidence of the existence of a digital divide between metropolitan and rural areas, where rural zones present lower rates of general practitioners (GPs) using ICT [34, 42] . The presence of financial incentives in the specific remuneration model of the country can play a role in the deployment and use of ICT in health care. For example, in the USA, physicians salaried by capitated or budgeted organisations have been among the earliest adopters of EHRs and other comprehensive health IT [43, 44] .
Aims
To the best of our knowledge, most published studies regarding ICT in PC have been largely conducted in English-speaking countries or in Northern Europe [45] [46] [47] [48] . The studies of the Commonwealth Fund on profiles of health care systems also concerned topics related to e-health including national policies and EHR-system implementation [20, 49, 50] .
The European Commission promoted two studies on the adoption of e-health by European GPs: the first survey was conducted in 2007 [30] and the second in 2013 [51] . The 2013 survey aimed at measuring the adoption of e-health applications among GPs in the EU-27, Croatia, Iceland, Norway and Turkey, and used four key indicators: EHR; health information exchange, telehealth and personal health records. The study also aimed to explain the drives or barriers of adoption and to measure variations between 2007 and 2013. In 2010, a European study presented an analysis of the national policies of Member States on e-health, understood as ICT for health [31] .
Given these premises, the overall aim of this study is to measure the current situation regarding the introduction and level of use of basic ICT in the PC systems of 31 European countries using data from the Quality and Costs of Primary Care in Europe (QUALICOPC) study [52] . Additionally, the study intends to measure variations in the period 1993-2012 using data from the European Study on GP Task Profiles (TP study) [53] .
In particular, starting from the QUALICOPC data, our study focuses on ICT use by GPs because of their roles as the main gatekeepers for PC services [53] . Several computerised clinical functions were also investigated. In particular, we investigated "appropriate" applications of ICT in PC, which must be effective, cheap and safe. A basic appropriate ICT infrastructure in GP practice (the "tangible" aspects) consists of one or more available computers and an Internet connection [32] . Furthermore, appropriate ICT equipment is the basis for different e-health uses and computerised clinical functions ("intangible" aspects), which can be appropriate if they contribute to an improvement of the PC service delivery. (Note that e-health is defined as the delivery or improvement of information and health services through the Internet and related technologies [54] .) The level of adoption of computers in PCP across Europe and the professional use of these technologies by GPs were analysed using selected questions from the QUALICOPC questionnaire to GPs. In particular, starting from existing studies on the appropriateness of computer uses [32, [55] [56] [57] , we analysed the uses that: contribute to an improvement of PC delivery [10] ; can be economically sustained with local resources; are acceptable to users and recipients; respond to local health needs (not of a small minority); are scientifically validated; and can be a part of a broader interconnected system and be integrated in the usual practice of GPs [58] [59] [60] . The ICT applications from QUALICOPC data that present the characteristics listed above are as follows: (i) record keeping; (ii) drug prescriptions; (iii) storage of tests results; (v) communication with other parties; and (vi) searching medical information [10] .
Finally, we discuss our results to better understand the variations across Europe. The large amount of QUALICOPC data on different PC domains enabled us to analyse our results on ICT use with possible explanatory variables. In particular, we used data related to the characteristics of both GPs and PCPs. We used the following GP variables: age, gender, typology of employment (self-employment vs. employment), typology of remuneration (prospective, retrospective, other) and incentives. The salient PCP variables are as follows: patient population size and demographic characteristics (i.e., number of elderly), practice size (alone vs. shared) and location (urban, sub-urban, rural). We also discuss our results in light of variables at the country level, such as health system typology, expenditure on health care and health ICT and e-health strategies.
Methods
The QUALICOPC project was funded by the European Commission under the Seventh Framework Program. It collected survey data from GPs and their patients in 31 European countries (EU-27 excluding France, FYR Macedonia, Iceland, Norway, Switzerland and Turkey) and three non-European countries (Australia, Canada [Ontario] and New Zealand) [52] . For the aim of our study, we only used data from the European countries.
In the QUALICOPC project, a consortium of six European partner institutes, coordinated by the Netherlands Institute for Health Services Research (NIVEL), developed and tested a number of hypotheses by concentrating on different domains: structure of care, quality of service provision, patients' perceived quality of care, costs, equity, avoidable hospitalisation and good practices [52] . Scuola Superiore Sant'Anna (SSSA) was the Italian partner of the QUALICOPC project and was the leader of the work package on the costs and efficiency of PC systems. SSSA also participated in the work package on the structure of PC systems, analysing their ICT structure and use. The concept of structure of care refers to the characteristics of PC such as equipment and human resources and was also analysed in terms of ICT infrastructure and use. This study is the first analysis of basic ICT structure and use in PC using QUALICOPC data.
The QUALICOPC survey was conducted between 2011 and 2013, depending on the country (hereafter we will refer to the data as 2012 data). Three Englishlanguage questionnaires (one for GPs and two for patients) were developed by the QUALICOPC consortium after a previous study on other validated questionnaires [52] . The questionnaires were translated and piloted in three European countries (Belgium, the Netherlands and Slovenia) to a small sample of GPs and patients before finalising the source version for the European study. The pilot showed that the questionnaires were of acceptable clarity and applicability. The pilot phase also revealed the need for a further reduction of the questionnaire and the reformulation of several questions. Based on the findings of the pilot, the questionnaires were shortened and rephrased where needed. In this phase, the aim was to improve the intelligibility of questions without affecting their validity (because of a change in wording) [52] . In every participating country, an institute coordinated the data collection. The national coordinators were also responsible for the translation of the questionnaires. A team of PC experts in each country created draft translations that were verified by professional translators using a forward-backward methodology. The national coordinators were also responsible for organising, recruiting and collecting survey data from a representative sample of GPs in each country. A number of PC physicians were sampled in each country with the following targets: 80 GPs from small countries (Cyprus, Iceland, Luxembourg and Malta); 220 GPs from other countries. Where national registers of GPs were available, random sampling was used to select GPs from such lists (this method was used in most countries). In countries where no national registers exist, other sampling procedures were used, still providing a good representation the national situation (Finland, Greece, Hungary, Ireland, Italy and Norway).
Only one GP per practice or health centre was eligible to participate [52] . In most countries, the selected GPs were contacted via a mix of approaches (combinations of letters, email and telephone contact). Furthermore, it was common that one or more reminders were sent to the selected GPs.
Ethical approval was obtained in each country where needed, in accordance with national requirements ( Table 1 ). Patients and GPs were informed about the study and had to provide their consent before filling out the questionnaires. Depending on the national requirements, written or oral informed consent was requested. The general procedure was that GPs were invited via letter, e-mail or telephone and gave their consent to participate in the study. Patients were invited by the fieldworker or practice staff to complete a questionnaire. All participants were informed about the study and participation was voluntary. Both patient and GP surveys were carried out anonymously. An identification number linked GP responses to the responses of their patients.
In most countries, paper questionnaires were sent by mail to GPs and returned by mail to the national coordinator and then electronically read into the European database by a professional data management company. In other countries, GP questionnaires were filled out electronically online or via a tablet computer.
In the QUALICOPC survey for GPs, the use of computers in the PCP and the main purposes of computer use were collected using the following multiple-choice question: "For which of the following purposes do you use a computer in your practice?" "i) Not applicable (I don't use a computer); ii) Making appointments; iii) Issuing invoices; iv) Issuing medicine prescriptions; v) Keeping records of consultations; vi) Sending referral letters to medical specialists; vii) Searching medical information on the Internet; viii) Storing diagnostic test results; ix) Sending prescriptions to the pharmacy" (question no. 43, GP questionnaire) [52] .
In our survey, e-prescribing was analysed in two operational states of implementation. Generally, the three stages are e-capture, e-transfer and e-dispensation. With answers iv) and ix), we investigated, respectively, the first two states 
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of implementation: the electronic transcription of medication ordering and the electronic sending of prescriptions to pharmacies. Moreover, most of these electronic clinical functions (iv, v, vi, viii, ix) are possible with the adoption of an EHR-like system. Using an electronic record system, other functions can be computerised to manage patient lists, generate a selection from the list and send reminders to patients for preventive care. The use of computers to communicate with patients was also investigated using the answers to the following question: "How many patient contacts do you have on a normal working day?" (question no. 10, GP questionnaire). This question asked the number of daily face-toface, telephone and email contacts [52] .
Moreover, comparisons over time were performed using data from the TP study, which reviewed the state of PC in 31 European countries and one non-European country in between 1993 and 1994 [53] .
With regard to the TP study, coordinated by NIVEL and conducted in 1993, full access to the data was provided by NIVEL. The database includes responses from 7895 GPs from the following countries: Austria, Belgium, Bulgaria, Croatia, Czech Republic, Denmark, Germany, Estonia, Finland, France, Greece, Hungary, Iceland, Ireland, Israel, Italy, Latvia, Lithuania, Luxembourg, the Netherlands, Norway, Poland, Portugal, Romania, Slovenia, Spain, Sweden, Switzerland, Turkey, United Kingdom, Ukraine and Slovakia. The countries in the TP study that were not surveyed in the QUALICOPC study were excluded from our analysis. We used data from the following multiplechoice question in the TP questionnaire: "If a computer is at your disposal, for which purposes is it being used in your practice?" "i) not applicable (no computer); ii) administration/billing etc.; iii) making appointments; iv) recording drug prescriptions; v) keeping patient records; vi) research/audit; vii) other purposes" [53] .
T-test, chi-square and correlation tests with a 5 % level of significance were used for the analyses described in the following sections. All statistical analyses were conducted using Stata software, version 12.1.
Results

Characteristics of the sample
The statistical population for the present study consisted of all GPs in their respective countries for the 31 European surveyed countries (N = 6328). Results from the analysis of the sample are reported in Table 2 .
The surveyed countries present various differences in the extent to which GPs play the role of gatekeeper to specialised care. Previous studies have analysed the role of GPs in PC [41] . In general, GPs have a gatekeeping role in systems that are largely public financed but not in those based on social insurance. However, there are countries where the boundaries between general and specialist medicine are blurred, and for this reason, both practitioners and specialists can have the first contact with patients. In countries like Denmark, Iceland, Ireland, Italy, the Netherlands, Norway, Portugal, Slovenia, Spain, Sweden and the United Kingdom, patients go to their GP for referrals to specialists [41] . In other countries, the GP does not have a gatekeeping role. In Eastern Europe, several countries have adopted, but with specific national peculiarities, the Semashko model developed in the former Soviet Union [61] , with a greater focus on specialist and hospital care. Some (e.g., Bulgaria, Czech Republic, Estonia, Hungary, Latvia, Lithuania, Poland, Romania, Slovakia and Slovenia) have been transitioning to other models [62] , introducing strategic reforms like the gatekeeping role of GPs [63] . Furthermore, countries that score lower in terms of first contact through GPs are in Eastern Europe (Bulgaria, Latvia and Lithuania); however, some (e.g., Hungary and Slovenia) have scores that are equal or higher than those in Central Europe [53] .
Several primary health care systems show a gender imbalance among GPs. For example, in the Czech Republic, Estonia, Finland, Latvia, Romania, Slovenia and FYR Macedonia, almost 70 % of GPs are female. In contrast, in Austria, Iceland, Lithuania, Malta, the Netherlands, Switzerland and Turkey, close to 70 % of GPs are male. The mean age of GPs ranges from 43.5 years in Greece to 57.1 years in Italy.
The majority of GPs in Austria, Bulgaria, Czech Republic, Estonia, Hungary, Latvia, Slovakia and Slovenia work alone. In Cyprus, Denmark, Finland, Iceland, Ireland, the Netherlands, Norway, Poland, Spain, Sweden, Turkey and England, GPs share their offices with other GPs. In the remaining countries, there is a mix of the two.
The PCP population estimated by GPs falls generally in the range of 1000-3000 patients ( Table 2) . Belgium, Bulgaria, Greece, Norway, Switzerland and the former Yugoslav Republic of Macedonia (FYROM) also present an important quota of smaller PC practices (<1000 patients). In contrast, Luxembourg, Malta, Sweden and England have a wide variability in terms of PC practice size, ranging from less than 1000 patients to more than 5000; the average size of Swedish and English practice population is more than 4000 patients per PCP.
The location of the PC practice is another important feature differentiating PC systems. Table 2 shows the distribution of the three location categories (city; suburb or small town; rural) by country. In Belgium and Switzerland, more than 50 % GP practices are located in rural areas. In Cyprus, Turkey, Lithuania and FYROM, there are a greater number of urban PCPs (in Lithuania more than 80 %). Primary health care systems across Europe also vary regarding PCP density. The number of practicing physicians per 1000 persons in the population varies from less than 2.5 in Poland to almost 5 in Austria [64] .
The countries also differ regarding GP employment type and remuneration [65, 64] .
Computer use
In 2012, almost all the GPs in the surveyed European countries used a computer (96 %) ( Fig. 1 ). Comparing these results with those of the TP study, we found an increase in the use of computers in PC over time: in 1993, computers were used by 40 % of GPs in the surveyed European countries [53] .
The results also show a low but significant variability in the general use of computers across and within countries (Fig. 1) . The lowest percentage of computer use is in Poland, where 27 % of GPs stated they did not use a computer in their daily PC practice, followed by Cyprus (24 %), Greece (18 %), Slovakia (16 %) and (Table 3) . In some countries, the percentage of practices with computers markedly increased from 1993 to 2012 [41] . Regarding countries with a lower computer adoption rate in 2012, we observe that the percentage of use dramatically increased; for example, from 3 % in 1993 to 73 % in 2012 in Poland, 59 to 82 % in Greece and 34 to 87 % in Latvia. Other examples include Estonia (from 55 % in 1993 to 100 % in 2012), Lithuania (5 to 98 %) and Romania (from 9 to 92 %). Table 4 summarises the use of computers for all health purposes by GPs across and within countries.
Use of appropriate ICT applications in primary care
The following computer uses could contribute to an improvement of PC delivery and were analysed: (i) record keeping; (ii) drug prescriptions; (iii) storing of tests results;
(iv) making appointments; (v) communication with other parties; and (vi) searching medical information [10] . Some of these computer uses are only based on the availability of a computer, and others on the availability of an Internet connection. The results of the analysis of the different computer uses are reported in Table 4 .
In 2012, European GPs mainly used their computers to search for medical information on the Internet and to issue drug prescriptions. In contrast, 1993 data show that the most reported computer use was for "administration" purposes (62 % of GPs) [53] .
The use of computers for "searching medical information on the Internet" was reported by 82 % of GPs in Europe. Although this use is widely diffuse across Europe, there are still countries reporting low rates of use. Cyprus has the lowest percentage (46 %), with Slovakia (50 %), Lithuania (50. 5 %), Greece (59 %) and Norway (59 %) also scoring poorly. We found a low but significant variability among countries. This use was less diffuse in 1993, with an average of 37 % of European GPs stating they searched for medical information online. The The second main computer use is "issuing drug prescriptions" (the e-capture stage of e-prescribing). This use was reported by 81 % of GPs and ranged from 1.5 % in Cyprus to 100 % in the Netherlands. We found a huge difference between the 2012 data and the 1993 data. Indeed, the European countries analysed in the TP study presented less than 45 % for computerised prescriptions.
Information systems can also be used to facilitate information sharing and knowledge management with colleagues and specialists. Two computer uses were analysed with this regard: "sending referral letters to specialists" and "sending prescriptions to pharmacies".
A total of 70.5 % surveyed European GPs use a computer for "sending referral letters to specialists"; in contrast, just 31 % send prescriptions to pharmacies (the e-transfer stage of e-prescribing). Both these uses have high variability among countries: just 3 % of GPs in Lithuania send referral letters to medical specialists via computer compared with 99.5 % in Denmark. This variability also regards sending prescriptions to pharmacies, starting at 0 % in Lithuania and Malta to 100 % in Iceland and Sweden. In these two countries, and in Denmark, Estonia, the Netherlands and Norway, the implementation of a fully operational eprescribing application appears more advanced. These two computer uses were not analysed in the TP study.
Finally, almost 51 % of European GPs use computers for "making appointments". Overall, our data analysis showed high variability: the rate varies from 4.5 % in Greece to 100 % in the Netherlands. Compared with the TP study data, we found that in 20 years, the use of computers for this purpose has increased by more than 25 % in Europe [53] . It is also worth highlighting the improvement over time in some countries and the worsening in others. For example, the two countries with the highest and the lowest rates in 2012 had a similar value in 1993: the Netherlands increased from 12 to 100 %, while Greece decreased from 11.5 to 4.5 %.
Denmark, Iceland, the Netherlands, Norway and Sweden emerge as good practices in terms of adoption and use of appropriate ICT applications in PC. In particular, more than 86 % of GPs in Denmark and the Netherlands reported all six appropriate computer uses, while the overall value for all QUALICOPC countries is 59 %. In contrast, we found 10 countries with a rate under the overall average. They can be divided in two groups. The first is composed of countries that range from 40 to 59 %: Romania (39 %), Slovakia 
Storage of data by general practitioners
In terms of patient data storage, two types of computer use were studied: (i) storage of diagnostic test results; and (ii) recording of consultations. The mean value for the European QUALICOPC countries was significantly different from the results of 1993 (almost 18 % higher, p < .001) [41] .
Communication with patients: use of email
The computer can be a channel of communication between GPs and patients if there is access to the Internet. The results of the analysis of the different communication channels are reported in Table 5 .
The QUALICOPC survey collected data on the mean number of patient contacts that GPs have on a normal working day, either via face-to-face contact or by phone calls or emails. A total of 34 % GPs reported close to one email communication per day. For all QUALICOPC countries, the number of daily emails was very low (n = 1) compared with face-to-face (n = 31.5) and telephonic contact (n = 8.7).
Looking closer at country-level data, a great variability can be seen (Table 5 ). In particular, the high variability between countries in the number of daily contacts by email (p < .001) is illustrated in Fig. 2 : the average number of daily email contacts ranged from 0.13 in England to 6.3 in Denmark. However, it seems that email exchanges with patients were not highly diffused among
GPs. Furthermore, 66 % of European GPs have no email contact with patients on a normal working day.
Discussion
The results of our research have extended the findings of the TP study [53] by documenting the extent to which PC physicians use ICT to provide patient care in 31 European countries in 2012.
The first finding of our study is that the computerisation of general practices has grown over the past two decades. A near-universal adoption of computers in PC has been achieved by all the sample countries. Only five countries show adoption rates below 90 %: Poland, Cyprus, Greece, Slovakia and Latvia. These findings confirm the results of another recent survey [51] .
As revealed in previous studies [30, 51] , our results show that although computers are considered PC equipment, their use for clinical purposes is significantly different across Europe. North European countries (Denmark, Iceland, the Netherlands, Norway and Sweden) have the best results in terms of appropriate use of ICT in PC. In contrast, several Eastern (Czech Republic, Lithuania, Poland, Slovakia and Slovenia) and Southern European countries (Cyprus, Greece, Malta and Turkey) present a lower use of basic ICT, both in 2012 and in 1993. However comparing QUALICOPC and TP data, we found that these countries have had a growth in computer adoption and use in PC in the last 20 years. In particular, ICT infrastructures and use in PC systems of Estonia and Hungary has improved over time, achieving good results if compared with other European countries.
Several interesting explanations to the geographic variability in the ICT adoption have been found by analysing selected variables related to PC context.
Similar to previous research [30, [33] [34] [35] [36] [37] [38] , our results show that, in general, the size of the practice is associated with ICT use: in single-GP practices the computer is used less than in offices shared with other GPs or specialists. This association is significant for the storage of test results (ρ = −.41, p = .02) and for sending prescriptions to pharmacies (ρ = −.56, p = .001). Although these two uses has not achieved universal implementation, they seem to be favoured by an inter-professional or networked PC.
EHR-like systems and e-prescription are priorities in various EU e-Health Action Plan and in the policies of several Member States (respectively, 27 and 22 EU countries) [31, 66] . However, the general political commitment to these e-health fields is at different stages of implementation across countries [31] . While, e-capture is a widespread activity (reported by 81 % of GPs), with a significant variability among countries, the use of etransfers by GPs is low (31 %). We only found a near-complete operational e-prescribing application in just a few Northern European countries, including Estonia. The low use rate of a connected computer to collaborate with other parties might be explained by privacy and data security concerns, in addition to other contextual factors such as cultural barriers (i.e., perception of low usefulness of this typology of ICT applications) and technological or infrastructural factors (i.e., availability or interoperability of health records or e-prescriptions systems).
In contrast, the high diffusion (82 %) and low variability across Europe of the computer use to search for online medical information might suggest: (i) an increased trust and awareness of GPs upon the quantity and quality of available knowledge on the Internet; (ii) its use as mainly personal support in daily practice, not for collaboration with other physicians.
Although the e-health policies at European and national levels also recognise the potential benefits of electronic records as a key tool for continuity and quality of . These results could be explained, again, by various factors at the country level, such as interoperability problems, safety and privacy issues and the centralisation or delocalisation of data control. In fact, standardisation and legal and regulatory issues are among the key applications of European e-health strategies [67] .
No statistically significant results were found for the association between practice location (rural) and computer use. Whereas, considering the number of elderly patients in the PCP population, we found that the presence of elderly patients below the country average is negatively associated with some computer uses in PC (ρ = −.43, p = .01). These results might be explained by the fact that aged patients are the highest users of healthcare services, especially PC services, and also the most fragile patients owing to chronicity and multimorbidity [37] .
Looking at country level, variations across European countries could be partially explained by national policies on e-health, as anticipated. All European countries have adopted policies on e-health, or participated in European projects and discussions [31, 68] . Central and Northern European countries (e.g., Scandinavian countries, Germany and Denmark) enjoy mature e-health strategies. In contrast, Southern and Eastern EU countries are mostly at the planning stage or only now implementing e-health applications. Among Eastern European countries, Estonia represents a positive example also in terms of strategic e-health applications [63] .
Referring to World Information Technology and Services Alliance data [69] adjusted at current purchasing power parities (PPPs) [64] we did not find a significant association between ICT expenditure in the health care sector and ICT adoption and use in PC. This might be explained by the fact that computers have been widely adopted in all QUALICOPC countries and do not require large financial investment. Therefore, expenditure on ICT might have a significant impact on advanced ehealth applications.
Similar results were found by analysing 2012 OECD data on the total expenditure on health care per capita [67] adjusted at current PPPs [64] .
It seems that some variations can be explained by the size of the public resources spent on health care. Significant positive associations (ρ = .05) were found between the public expenditure on health care and both the computerisation rate (p = .04) and several computer uses (p = .05). By analysing our results in association with health system typologies, we also found negative significant associations between ICT use and countries with a system in transition from the Semashko model (ρ = −.45, p = .05).
Another finding of this study is that doctor-patient communication via email is not a common practice. Face-to-face communication appears widely preferred to other forms of contact with GPs. We found a very low rate and variability regarding email communication. Denmark is the exception with a mean value of 6.3 contacts per day. While Denmark is a leading country in the use of health care technology, these results can be better explained by the innovations introduced in the Danish health care system, including payments to physicians for email with designated call-in times [70] .
Conclusions
The findings of the present study reveal significant progress in basic ICT adoption in European PC. Several countries have achieved a universal adoption of computer use in just a few years, and other countries are following closely behind. Significant differences in the uses of computer as reported by GPs were found across and within countries. These variations might be partly explained by differences in the organisation of health care systems, the role of GPs, funding models, national and local policies and legislation on e-health.
The requirement for appropriate technological innovation in PC is growing, and is now seen as an important contribution to the improvement of quality and efficiency in health care. However, the variability and/or low use of computerised PC functions reveal that having a computer in a physician's office is not sufficient.
In addition, the increasing availability of ICT solutions from external PC networks, such as laboratories and pharmacies, as well as the increase of expert patients, and their growing recourse to the Internet for health purposes [19, [71] [72] [73] [74] [75] , are changing the context in which physicians operate. GPs must become increasingly aware of the opportunities provided by technological innovations in PC. In this sense, evidence-based education on these topics for medical staff is crucial. Organisational support in terms of culture and environment is also fundamental.
An appropriate and comprehensive use of ICT in PC could be incentivised by specific policies aimed at building a connected and collaborative health care system. The introduction of ICT in health care could change work tasks and boundaries. Public policies may be based on a general agreement of health care workers on the processes of technology adoption.
Technological innovation concerns not only technologies, but also behavioural, organisational and networking aspects, becoming a disruptive innovation [1] . For this reason, the results of this research emphasise the crucial role in a successful innovation process of public authorities, at European, national and regional levels.
